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Abstract
The objective of this study is to investigate the relationship between electrification rate as the
dependent variable and natural resources rent, general government final consumption expenditure,
GDP, GDP per capita, population growth, and power consumption in Sudan for the period between
1990-2014. The aim of the study is to explore factors that are impacting Sudan’s total electricity
access. A quantitative method using the Ordinary Least Square (OLS) Regression analysis testing
approach was applied to study the significance of the relationship between the dependent and
independent variables. The results revealed that there is an insignificant relationship between the
variables in the study. The study is indicating that variables outside the scope of the study are
probably impacting the electrification rate in Sudan.
Key Words: Sudan, Energy Poverty, Electrification Rate, Ordinary Least Square Regression
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Introduction
According to the United Nations Development Program (UNDP, n.d.), 1 in every 7 people

lack electricity, mostly in rural developing countries. Energy became the essential basic need
towards sustainable development, economic growth, and an adequate lifestyle. Energy is the
driving force for the sustainable development of economy, industry, and agriculture; therefore, the
lack of energy could impact human’s lifestyle and countries’ economies dramatically. However,
the rapid increase in energy demand globally has been causing bigger issues such as climate change
and deforestation. On the other hand, energy poverty is a global concern, it can refer to the lack of
energy access as well as the economic incapability and high costs to access sources of energy.
Around 940 million people globally are still lacking energy sources, and around 40% the world
still lacking access to clean energy sources (Ritchie & Roser, 2020).
The sub-Saharan African region has been suffering from energy poverty due to the
economic instability. According to World Bank data, in 2019 only 26 % in rural sub-Saharan
Africa had access to electricity. There are many debates about the factors that are impacting the
lack of energy which could be, and not limited to, climate change, social injustice, increase in the
energy demand, deforestation, lack of proper management, weak governance, corruption,
economic deterioration, lack of infrastructure and many other factors.
Sudan (North) is in Northern Africa, with a 43.8 million population (World Bank, 2020).
Sudan is a country blessed with natural resources, water from the River Nile, sunshine radiation,
fuelwood, forestry, and many other natural resources that could play a significant role in energy
production in a profitable and sustainable way. Yet, Sudan has been facing power and energy
shortage for the past years. Around 47% of the Sudanese population lack access to electricity in
2019, where approximately 22 million of the Sudanese population do not have access to electricity
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(World Bank, 2019, REN21, 2020). Moreover, power load-shedding has been a common issue all
around the country mainly due to the high demand and low production of electricity, which is
causing the frequent power interruption, which could last up to 9 hours per customer during peak
hours and in the summer (World Bank, 2019). In order to achieve nationwide access to electricity
in Sudan, major political, policy, technological and economic factors should be analyzed.
The different factors impacting the electrification rate in Sudan will be examined to
determine the areas of greatest influence. This paper will be divided into 5 main sections. The first
section will include the introductory part. The second section provides an overview of Sudan’s
energy shortage and its main energy sectors. The third section contains the literature review which
will present other factors impacting electrification rate in Sudan from relative literature. These
factors will be presented in a PESTLE framework: Political, Economic, Social, Technological,
Legal, and Environmental. Forth section investigates methodological approach based on empirical
evidence, analysis, and policy implications. Final section is the conclusion which will deliver the
summary of results.
II.

Overview of Sudan’s Energy Shortage

Energy Poverty
While there is not a universal definition for the term “Energy Poverty”, several authors
have defined it, to show how the term can have different definitions across different multilateral
organizations (Kearney’s Energy Transition Institute, 2018).
•

According to International Energy Agency, Energy Poverty is defined as “Lack of

access to electricity and reliance on traditional biomass fuels for cooking” (Kearney’s Energy
Transition Institute, 2018).
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UNDP defines Energy Poverty as “Inability to cook with modern cooking fuels and

the lack of a bare minimum of electric lighting for reading or for other household and productive
activities at sunset.” (Kearney’s Energy Transition Institute, 2018, p.26).
•

EU Energy Poverty Observatory: “Energy poverty occurs when a household suffers

from a lack of adequate energy services in the home.” (Kearney’s Energy Transition Institute,
2018, p.26).
•

Asian Development Bank: “The absence of sufficient choice in accessing adequate,

affordable, reliable, high-quality, safe and environmentally benign energy services to support
economic and human development.” (Kearney’s Energy Transition Institute, 2018, p.26)
According to these definitions of “Energy Poverty”, it would be justifiable to consider
Sudan as an “Energy Poor” country. As in 2019, 47% of the population are lacking the essential
needs for energy such as electricity and clean cooking (World Bank, 2019), the other percentage
that have accessibility may suffer from power outages and lack of continuous fuel supply.
Energy and Poverty Nexus
It was recognized at the World Summit on Sustainable Development, that was held in
Johannesburg 20 years ago that the access to energy go hand in hand with poverty eradication
(UNDP, 2020). There is a strong relationship between energy and poverty. Poverty is a root cause
for economic crisis and a barrier for sustainable development. Poverty causes hunger,
unemployment, lack of education, proper healthcare, water pollution, inaccessibility to energy
sources, environmental issues, social injustice, gender inequality and war conflicts. Moreover, lack
of basic human needs and development causes an increase in the poverty rates. Lack of access to
energy restricts the productivity and opportunities for income generation (UNDP, 2020). As the
potential for income earning decreases, it would impact the economic development and increase
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the poverty rate, therefore leads to less energy access. As shown in Figure 1, poverty can be both
a cause and an effect.

Lack of
Energy
Access

Limit
Incomeearning
Capability

Increase
Household
Poverty

Decline
Purchasing
Power
Figure 1. Poverty and energy nexus (UNDP, 2020, p.17)
Sudan is classified as a “Least Developed Country (LDC)” under Art 4.6 of the Paris
Agreement (High Council for Environment & Natural Resources, 2021). According to Human
Development Index 2017, Sudan was rated 0.38 in 2018 and ranked 167th out of 189 countries,
and according to World Bank Human Capital index, it was ranked 139th out of 157, with 47% of
the population or 19.6 million people still living below poverty line (World Bank, 2019, World
Bank, 2021, UNDP, 2020). According to African Development Bank Group, 2018, poverty is more
severe in rural regions of Sudan, such as South Kordofan, West and Central Darfur with poverty
incidence of 67%, 64.1% and 67.2% respectively. Poverty incidence has been worsening due to
two recent reasons; shortage in energy supply and increase in inflation rate (United Nations, 2018).
A study conducted by Oxford Poverty and Human Development Initiative (OPHI) in 2017
calculated the Global Multidimensional Poverty Index (MPI) for Sudan. MPI value is calculated
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by multiplying Poverty headcount by poverty intensity (UNDP, n.d.) to measure the deprivations
in 3 main dimensions that uses 10 indicators: health, education, and standard of living. MPI value
ranges from 0 -1 and is an indicator. According to the figures in Table 1, Sudan’s MPI is 0.287,
while majority of the poor population are concentrated in rural regions. MPI in rural areas is 3
times higher than in urban regions.
Region
Sudan
Urban
Rural

MPI
(H x A)

In Severe Poverty
K = 50%

Population Share

0.287
24.3%
100%
0.133
8.6%
31%
0.356
31.4%
69%
Table 1: Sudan Multidimensional Poverty Index value (OPHI, 2017, p.5)
A region is considered poor if the deprivation in each of the 3 weighted dimensions is

<33%, which is the poverty cut off. As Figure 2 shows below, Sudan deviates from 33% in the
education and healthcare sectors. While the category “Living Standards” is considered moderate,
though the percentage is <50% in all the “Living Standards” dimensions except “Floor” indicator.

Figure 2: Percentage of the population who are MPI poor in each indicator (OPHI, 2017)
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Sustainable Development Goals Performance
In 2015, the United Nations established the 17 Sustainable Development Goals (SDGs).
They are a call for actions towards 169 global targets by 2030. According to reports conducted by
SDG Center for Africa and Sustainable Development Solutions Network in 2019, Sudan is ranked
42nd out of 52 African countries in achieving the goals and is ranked 157th out of 165 countries
around the world (Sachs et al., 2021). In 11 out of the 17 SDGs, Sudan scores below 50; therefore,
in both Africa Index Rank and overall country rank, Sudan is among the lowest performing
countries in achieving the SDGs.

Figure 3: Average performance of Sudan in SDG (SDG Center for Africa and Sustainable
Development Solutions Network, 2019)
Energy shortage has been a common problem in developing countries. Unfortunately,
Sudan faces huge energy shortages, suffers from frequent blackouts, and cannot meet the demand
all year long. These concerns put the country off track to meet UN Sustainable Development Goals
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by 2030. Table 2 shows the country’s UN SDG 7 indicators and progress towards access to
affordable, reliable, sustainable, and modern energy for all (United Nations, n.d.).
Although the UNDP data shows that the renewable energy share in Sudan is 60% in 2017,
this is only 6% Hydropower mainly used for power production and 54% Solid-Biomass used by
households for energy purposes. Solar and Wind are not widely used in Sudan, despite its great
potential in the country and the sub-Saharan Africa region.

Target

Indicator

Years

1990
7.1
By
2030,
ensure universal
access
to
affordable,
reliable, and
modern
energy
services
on clean fuels and
technology
for
cooking

7.1.1
Proportion of
population
33
with access to
electricity
7.1.2
Proportion of
population
with primary
2
reliance
on
non-solid fuels

7.2
By
2030,
increase
substantially the
share of renewable
energy in
the global energy
mix

7.2.1
Renewable
energy share in
total
final
energy
73.3
consumption

Urban
electricity
access
rate
(%)

Rural
electricity
access
rate
(%)

2000

2010

2015

2017

2018

2018

23

41

49

60

84

47

8

25

27.9

80.4

61.3

63

60.5
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7.3
By
2030,
double the global
rate
of
improvement
in
energy
efficiency

7.3.1 Energy
intensity
measured as a
ratio
of
primary
9.9
7.2
4.4
4.7
4.3
energy supply
to
gross
domestic
product
Table 2: Sudan’s progress towards achieving UN SDG7(World Bank, 2020)

Sudan has a history of suffering from lack of access to clean energy sources from fuel,
diesel and gasoline shortage, lack of electric supply, and frequent power load-shedding.
Additionally, many households still rely on conventional biomass burning for cooking. According
to Regulatory Indicators for Sustainable Energy (RISE), 2019, Sudan was given a score of 30 in
their overall country energy profile. Furthermore, among 138 countries, Sudan was ranked 120th,
which makes it one of the lowest performing countries globally and among Sub-Saharan countries
in energy development. Table 3 shows the country’s scores in four other pillars according to RISE.

Country
Overall Score
30

Electricity
Access

Clean
Cooking

Renewable
Energy

Energy
Efficiency

56
26
25
12
Table 3: Sudan energy scores (Regulatory Indicators for Sustainable Energy, 2019)

Fuel
However, Sudan has been recently facing a shortage of diesel and gasoline supply, which
are many used for the transportation sector (UNFCCC, 2013). Moreover, fuel prices in Sudan
were once the lowest in the world. The Sudanese new transitional government announced gradual
lifting of fuel subsidies in 2019, reducing it by 68% from its original budget (World Bank, 2020).
However, within the past two years, the fuel prices rose by five times especially after the recent
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lifting of fuel subsidies. The increase in fuel prices has caused an increase in production costs and
an increase in the prices of goods.
Electrification
As in 2019, Around 47% of the Sudanese population lack access to electricity, where
approximately 22 million of the Sudanese population do not have access to electricity (World
Bank, 2019, REN21, 2020). Sudan’s electricity demand has been showing continuous increase
since 2013 (11% annual average). Rural households suffer from lack of electricity access more
than urban regions, since 47% of the rural population lack electricity access (World Bank, 2020).
This is mainly due to the sparse distribution of the population in the urban regions. The electricity
demand (consumption) is continuously increasing over the years, peaking at 11.8 TWh in 2018
(IEA, 2018). According to Table 4, the residential sector showing the highest power demand,
consuming 59% of the electricity in Sudan (IEA, 2018).

Year
2018

Commercial
Agriculture /
Industry
Residential
and
public
Total
forestry
services
154
690
219
114
1177
13%
59%
19%
10%
100%
Table 4: Electricity final consumption by sector in Sudan (IEA, 2018)

Units
Ktoe
%

Power outages and frequent blackouts are very common in Sudan. Back-up generators are
excessively used as substitute for the grid-based electricity during blackout times, especially in
urban region, and the capital “Khartoum”.

Percentage of Population
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50
45
40
35
30
25
20
15
10
5
0

Years

Figure 4: Sudan electrification rate (World Bank, 2019)
Figure 5 shows the electricity power supply in Sudan. In June 2019, installed power
generation capacity was estimated 3,608 MW (World Bank, 2020). In 2014, around 70% of the
electricity is supplied by hydropower (dams), and oil (thermal generation) which account for 25%,
while Solar contributes to only 0.03% of the electricity supply. Solar energy is mainly used for
off-grid applications in rural areas. These figures show that there is no diversity in the electrical
generation in the country which put the majority of the load on hydropower, while wind and
geothermal have zero share in the overall electrical power supply in the country. The country is
targeting 100% share of renewable energy for electricity generation by 2050 target established by
the Climate Vulnerable Forum (REN21, 2020). As a developing country, this figure may not be
achievable without both technological and national economic support.
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Percentage of Sudan's Power Supply
Import,
PV, 0.03
IC,
3.63
1.57
Thermal,
25.65

Hydro,
69.11

Figure 5: Percentage of electricity power supply sources in Sudan, 2014 (Rabah et al., 2016)
Clean Cooking
Since 2000, as shown in Figure 6, there is a steady increase in the percentage of population
with access to clean cooking. Although the figure started with only 12% in 2000, now still nearly
less than half of the people do not have access to clean cooking as they still rely on traditional

percentage of poplatuion

biomass.
50
40
30
20
10
0

years

Figure 6: Access to clean cooking - percentage of population (World Bank, 2019)
According to World Bank data and tracking SDG 7 progress and data reports, it is expected
that the urban population would have more accessibility to clean cooking fuels than in rural areas,
since the majority of the Sudanese population are concentrated in the rural areas. Other possible
reasons could be lack of cooking fuel supplies to rural areas.
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2000
2010
2015
2018
Total clean cooking access rate (%)
12
32
44
50
Urban clean cooking access rate (%)
20
51
62
66
Rural clean cooking access rate (%)
8
22
35
43
Table 5: Access to clean fuels and technologies for cooking (World Bank, 2020)
Mainly women and girls are exposed to open flame fire, burnt charcoal, inadequate cooking
stoves daily. Most of the rural households still relay on conventional biomass, charcoal, firewood,
and agricultural residues as their energy sources. There is no doubt that this will increase the direct
exposure to smoke, which will increase the health risks and chronic respiratory disease. Another
concern is environmental degradation and deforestation risk.
Overview of Sudan’s Energy Sectors
Globally, the energy mix is not easy to change since whether a country has a stable or
unstable energy systems will find it difficult to switch to other forms of energy. Mainly this is
because having stable energy systems with sufficient access to energy would lead to having stable
economic capabilities, which will reflect on other living factors as healthcare, education,
infrastructure, and others. On the other hand, nations with insufficient accessibility to energy
probably do not have the financial capital to finance new forms of energy systems and projects.
Sudan’s main energy sources come from conventional biomass (54%), Oil (40%) and
hydropower (6%) (Babiker et al.,2019). Around 64% of Sudan’s population live in rural areas
(world bank, 2020), which explains why biomass is a higher rate, as the majority of the population
still relay of agricultural residue, coal, or wood from forests for cooking, light, and heating, and
the connection to the grid in rural region is expensive.
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Hydro, 6%

Oil, 40%

Conventional Biomass,
54%
Figure 7: Sources of energy supply in Sudan (Babiker et al., 2019)
Sudan is wealthy and abundant with natural resource such as minerals, water from the Nile
River, sunlight, and agriculture. Although the country has high potential in renewable energy
sources as solar, wind, and hydro power, it lacks proper management for its natural resources.
“Sudan’s main source of wealth, its natural resources are a focal point for competition and
conflict” – US Institute of Peace (Special Report), 2010, p.2
Petroleum
Petroleum production plays a major role in Sudan’s economy. Oil contributes to 40% of
the energy sector in Sudan. Petroleum products are mainly used in the transportation sector around
3559 Kilotons of oil equivalent (Ktoe) (IEA, 2018), as recently it only contributes to 22% to the
electricity production of the country (World Bank, 2015). The country’s oil reserves are estimated
of 5 billion barrels, and the oil and gas contribute to 91% of Sudan’s exports (Natural Resource
Government Institute, 2017).
U.S. oil giant Chevron started onshore exploration activities in 1974, which was the first
foreign oil company in Sudan. They have many oil fields discoveries such as Unity (Bentiu),
Heglig and Adar Yale. However, they had to suspend operation due to the civil war in 1984. Sudan
had its first international oil exported in 1999, which was 1500 barrels of crude oil (International
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Monetary Fund, 2020). In 2010, Sudan was the third oil exporter in Africa after Nigeria and
Angola, with a production capacity of 460,000 bpd. (International Monetary Fund, 2020).
Sudan’s main oil companies (International Monetary Fund, 2020):
•

Greater Nile Petroleum Operating Company (GNPOC)

•

Petro Energy E&P (PEOC)

•

Petrodar Operating Company

•

Petro lines for Crude Oil Ltd (PETCO)

As figure 8 shows, oil production has been dramatically decreasing since 2011. This is
mainly due to the succession with South Sudan, which has caused Sudan (North) to lose 75% of
its oil production. Causing major conflict, distribution to Sudan’s economy and lack of fuel supply.

Figure 8: Oil production, Sudan 1996-2019 (IEA, 2019)

1971
1973
1975
1977
1979
1981
1983
1985
1987
1989
1991
1993
1995
1997
1999
2001
2003
2005
2007
2009
2011
2013
2015

80
70
60
50
40
30
20
10
0

Figure 9: Electricity production from oil sources (% of total) (World Bank, 2015)

ARWA M IBRAHIM | MSC SUSTAINABILITY: ENERGY MANAGEMENT

20

Biomass and Bioenergy
More than half of the energy sources in Sudan comes from conventional Solid-Biomass as
(firewood, charcoal, or agricultural residues). Sudan’s economy highly relies on agriculture as it
is the backbone of its economy, which contributes to 40% of the country’s GDP (Mahgoub, 2014).
13 million cubic meters of biomass is consumed per year in Sudan to produce energy (Omer,
2015). Although the bioenergy production is increasing, yet it is still facing many political and
economic challenges in the expansion.
Sudan is ranked the third in producing Sugarcane in Africa (Abdelraheem & Lang, n.d.).
The production of the first Bioethanol plant was around 65 million liters per year (Rabah & Jumaa,
2017), however, is has dropped over the years to 20-30 million liters per year. Majority of the
bioethanol produced was exported accounting for 90% (Zein, 2017).
The country has a variety of large livestock, varying from cows, goats, camels, and sheep.
Around 49 million ton was produced in 2014 of animal manure (Zein, 2017), which gives the
country a great potential to produce Biogas from animal waste.
Hydropower
Sudan is abundant with water resources from seasonal rainfall to flowing Nile Rivers.
Hydropower plays a big role in Sudan’s energy sector, as Sudan has six major dams summarized
in Table 6. Although it contributes to only 6% of the energy profile. This accounts for 69.11% of
the electricity generation in the country, which is around 9657 GWh (IEA, 2018). It is estimated
that hydropower potential in Sudan is around 4,860 MW and the current installed capacity
approximated to be 1928 MW in 2017 (UNDP, 2020), which is only half of the potential capacity.
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2
3
4
5
6
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Dam
Installed Capacity MW
Merowe Dam
1250
Roseires Dam
280
Sennar Dam
12
Jebel Aulia Dam
30
Khashm el-Girba Dam
10
Upper Atbara and Setit Dam Complex
323
Table 6: Capacity of Sudan dams (Rabah et al., 2016)

Wind
Sudan has high potential in wind energy generation, as the mean speed range between 6.2
– 8.9 m/s and at 50 m height is around 8.14 m/s, with highest wind speed around the Red Sea
region (UNDP, 2020). As Figure 10 shows, wind power is the highest in Northeastern region (Red
Sea), Northern Sudan (Dongola) and Western Sudan (Jabal Marra) (Ministry of Water Resources
and Energy, 2015).s

Figure 10: Sudan's wind power (Ministry of Water Resources and Energy, 2015)
Sudan’s first wind power project was back in 1950 when the Australian government
installed 250 wind pumps (Omer, 2015). Ever since the country has not witnessed an expansion in

ARWA M IBRAHIM | MSC SUSTAINABILITY: ENERGY MANAGEMENT

22

the wind power generation in a large scale. Fortunately, with many external supports, many
projects are planned to be implemented with fundings from UNDP and Global Environment
Facility (GEF).
Solar
Sudan is located among the sunbelt countries and has a 9 hours per day average of sunshine
(Zein, 2017). Which will make it among the countries with highest potential for solar power,
globally. Figure 11 shows the map of the variation of Sudan’s solar radiance which indicates that
solar radiation is widely available all around the country. Majority of the upper northern parts of
the country shows solar irradiance >2300 kWh/m2. Solar could provide a great support for the
country’s energy sector since it is free and abundant. Not only it will provide benefit for the energy
sector but also, the economy, mitigate climate change and contribute to achieving UN SDGs.
Solar power is not widely installed in Sudan which only contributes to 0.03% of the
country’s power supply (Rabah et al., 2016). It is mainly used for off-grid applications in rural
area that have no grid access and/or for irrigation pumping and.
There are many recent investment projects to install solar energy that will be implemented
with financial support from the UNDP, Global Environment Facility in Northern Sudan and
Sudan’s Ministry of Energy and Mines. The plan is to implement 1,469 solar water pumps and 2
GW Solar Power Plant Program (UNDP, 2020).
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Figure 11: Sudan’s global horizontal radiance map (GeoSun Africa, 2017)
Policy
Sudan has several policy national documents and 2 major legislations that are notable to
mention which guides the electricity sector in Sudan.
National Document
Year
The Five-Year Program for Economic Reform
2015 - 2019
The Long-Term Power System Plan
2012 - 2031
Medium-Term Power System Plan
2012 - 2016
National Energy Efficiency Plan
2013 - 2016
The Electricity Sector Development Framework
2015 - 2020
National Determined Contribution
2021 - 2030
Table 7: Sudan policymaking national documents in the electric sector (UNDP, 2020, P. 31)
1.

The Electricity Act of 2001.

Establishes the Electricity Regulatory Authority (ERA), Guides and controls the
generation, transmission, and distribution activities of electric energy (UNDP, 2020).
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The National Investment Encouragement (NIE) Act of 2013.

The act guides and encourages the investment of both Sudanese and non-Sudanese public,
private and joint sectors in investments projects related to development plans and national
strategies.
Sudan’s National Determined Contribution (NDC) to the UNFCCC.
On May 2021, the Sudanese Government published its updated National Determined
Contribution (NDC) to the United Nations Framework on Climate Change (UNFCCC). The report
discusses Sudan’s contribution towards mitigation of Climate Change. Sudan has no obligation to
implement reduction targets since it is classified under “Least Developed Country (LDC)”
according to Paris Agreement, Act 4.6 (High Council for Environment & Natural Resources,
2021). However, NDC shows the government’s awareness to contribute towards the sustainable
development of the country, which is a promising vision. Table 8 shows the government’s action
plan related to Energy for the next ten years (2021-2030).
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Sector

Contributions

BAU

Energy: Transformation of the electricity sector towards
low- emission power generation

Utility scale grid
connected Solar and
wind power plants
Stand alone and
mini-Grid covering:
• Residential
• agriculture
For the
• industrial
whole
Hydro-generation
energy
improvement
of
sector by
the
system:
2030:
Rewinding of two
generators units and 33,181,563
tCO2e
increasing
generation
to
42GWh/year
Energy Efficiency
• Grid
losses
in
transmission
&
Distribution
• Promotion of
use of efficient
appliances
in
residential

For
the
electrical
energy
sub- sector
by 2030:
10,223 ,896
tCO2e

25

Targets
(2021- Cost
2030)
MUSD
• 2140 MW
• Emission
1872 M
avoidance of
3,574,580
tCO2e
• 796MW
• Emission
846 M
avoidance of
• 1,086,360
tCO2e

• 36.896 GWh
• 26,221 tCO2e

5.5 M

• 1213 GWh
• 857,506 tCO2e

210 M

• 2295 GWh
• 463,759 tCO2e

5.00 M

ARWA M IBRAHIM | MSC SUSTAINABILITY: ENERGY MANAGEMENT

Transport:
• Inner-city private
cars
model
switching to bus
in Khartoum
• Blending
fossil
fuel by IO biofuel
and promotion of
fuel
efficiency
good trucks, &
switching to rail
transport

Forest/
Energy

Reducing biomass
(fuelwood) energy
consumption

Same
as
the energy
sector
above

(Significant
share if not
all
this
BAU
emissions
related to
biomass
energy use
are
included in
the forest

• 6,449,582 tCO2e
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1000 M

• LPG
I0% of
urban population.
Estimated
11.4 M
• emission
avoidance of
1,137,405
tCO2

• Improve stoves to
41 M
replace
wood
stove in 20% of
rural population.
Table 8: Sudan NDC action plan for energy in 2021 – 2030 (High Council for Environment &
Natural Resources, 2021, p. 3-5)
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Literature Review
The literature review will look at the barriers that are possibly impacting Sudan’s shortage

in energy using PESTLE Framework analysis, which investigates six main factors: Political,
Environmental, Social, Technological, Legal and Economical, which were determined by
analyzing published reports for from the World Bank, UNDP, US EIA, International Monetary
Fund, Government reports.
Factors

Key reasons to be studied from the literature

Political

•
•
•

Corruption
Secession with South Sudan
Exchange Agreements and Geopolitics

Economical

•
•
•
•

Secession with South Sudan
Economic Deterioration
Inflation
Electricity Tariff

Social

•
•
•
•

Power Inequality
Energy Consumption Growth
Public Awareness
Dependence on Backup Generators

Technological

•
•

Unstable Electrical Supply
Human Capital Development

Legal

•

Fuel Subsidy Reduction

Environmental

•

Deforestation and Climate Change

Table 9: Key barriers will be studied from the literature
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Political

Corruption
Natural Resource Government Institute ranks countries based on their Resources
Governance Index (RGI), to measure and rank the governance in oil, gal, mining, and natural
resources of 81 countries. Sudan was given a score of 21 out of 100 for governance in 2017.
According to the assessment, a score <30 is considered failing. This low score was given as the
country is considered underperformed, mainly due to political instability, increase in corruption,
limit transparency and efficiency in governance (Natural Resource Government Institute, 2017).
According to the World Bank's Country Policy and Institutional Assessment, 2020, Sudan’s
transparency, accountability, and corruption ranked between 1.5 – 2 for the past 15 years. The

CPIA rating (1=low to
6=high)

scale is rated from 1=low to 6=high.
2.5
2
1.5
1

Years

Figure 12: CPIA transparency, accountability, and corruption in the public sector rating (World
Bank, 2020)
Secession with South Sudan
Sudan (North) has been dependent of petroleum, until the secession with South Sudan in
2011, which has crippled Sudan’s economy since it has caused a loss of 75% of the country’s oil
reserves (U.S. Energy Information Administration, 2019). This has reduced the oil production
capacity of the country. Figure 13 shows a drop in oil production from almost 130,000 barrels per
day in 2013 to 100,000 in 2018 and reaching 72,000 barrels per day in 2019 (International
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Monetary Fund, 2020). In return, fuel imports have increased from 50% to more than 60% of diesel
and from 15% of LPG to 50% in 2019 (International Monetary Fund, 2020).

Figure 13: Sudan’s crude oil production and exports in thousand barrels per day (International
Monetary Fund, 2020)
Below are the components of the Oil Agreement between the Governments of Sudan (GoS)
and South Sudan. Under the Temporary Financial Arrangement (TFA), South Sudan are required
to pay the following amounts to GoS (International Monetary Fund, 2020):
•

US$ 3.028 billion: oil field infrastructure over 3.5 years

In Addition to:
•

US$1.6 per barrel: oil processing fees.

•

US$8.4 per barrel: transportation fees.

•

US$1.0: transit fees to the sovereign.

•

US$11 per barrel: for crude oil produced in Block 1,2 and 4.

•

US$9.1 per barrel: oil transit fees for oil transported in the pipelines of Sudan’s

territories.
South Sudan is still US$574 million in debt to the Government of Sudan (International
Monetary Fund, 2020).
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Figure 14: Crude oil production in Sudan and South Sudan in thousand barrels per day (U.S.
Energy Information Administration, 2019)
Exchange Agreement and Geopolitics
Since Sudan is lacking the investment capacity to fund the improvement of the electricity
production, they made an agreement with Ethiopia to provide Sudan with electricity in exchange
of 12,000 barrels of gasoline per month exported to Ethiopia (International Monetary Fund, 2020).
However, Sudan is already in need for gasoline imports, which will add an additional cost on
Sudan (International Monetary Fund, 2020).
Additionally, Sudan has limited interconnection power trade. According to the World Bank
(2019), as of February 2019, Sudan and Egypt are negotiating the Power Purchase Agreement
(PPA). Power trade with Egypt and Ethiopia can significantly lead to financial saving for Sudan
(World Bank, 2019). As long as the agreed price is less that Sudan’s marginal cost of electricity
generation, the Sudan’s annual saving can save up to US$200 million through the power imports
from neighbor countries: Ethiopia and Egypt (World Bank, 2019). Table 10 shows the financial
impact of power import.
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Fuel Saving Import Cost Net Saving
MWh
(US$
(US$
(US$
millions)
millions)
millions)
Ethiopia
200
1,314,000
183.96
65.7
118.26
Egypt
300
1,971,000
275.94
197.1
78.84
Total
459.9
262.8
197.1
Table 10: Impact of imports on cost of power supply capacity (World Bank, 2019)
Capacity
(MW)

2. Economical
Secession with South Sudan
Since the succession with South Sudan in 2011, Sudan’s economy has been significantly
impacted, which has caused the country to switch to agriculture and industry to overcome the
economic decline. General government final consumption expenditure (annual % growth) jumped
from 5.2% in 2010 to 40% in 2011 (World Bank, 2019). As shown in Figure 14, GDP (annual %
growth) has been sharply dropping from 3.5% in 2010 to nearly -18% in 2012 (World Bank, 2021).
A study conducted by Elryah (2017) concluded that inflation rate has been impacted by the loss of
oil revenue during this period. Inflation rate kept increasing from 13.2 to 18.1 up to 35.6 in 2010,
2011, 2012 respectively (World Bank, 2019).

Figure 15: GDP growth rate estimated by CBoS and MoFEP; and IMF staff (World Bank, 2021.
p.9)
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Economic Deterioration
Figure 16 shows economic imbalances between revenue and expenditure. Since the
succession with South Sudan, the country has been unable to reach financial equilibrium. Sudan’s
external debts are estimated to be around US$58 billion in 2018, which accounts to 111% of the
country’s GDP (World Bank, 2020) The country’s economic performance is having a continuous
decline in GDP since 2016, as the current GDP annual growth reached -1.5% in 2020 (World Bank,
2020). The country became more dependent on foreign aids and inflows to stabilize the economy.
The majority of the foreign investments went back to the oil industry (World Bank, 2021).

Figure 16: Sudan revenue, expenditure, balance, and debt (World Bank, 2021, p.9)
Inflation
The government in 2019 went to printing Sudanese currency due to the economic crisis,
shortage of foreign currency and low revenue. This has led to massive inflation of the Sudanese
currency, especially after lifting fuel subsidy, prices of the fuel increased by almost five times,
which has led to increase in all consumers’ goods and food prices.
Sudanese pound is devaluating causing it to lose its value, which is affecting the economic
performance leading to higher social and economic issues. Annual inflation is continuously
increasing for the past five year, skyrocketing at 150% in 2020. Sudan is ranked the third highest
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country in the inflation rate in 2020 (O'Neill, 2021). Moreover, the exchange rates prices in the
parallel market (black market) increase from (US$1= 70 SDG) in January 2020 to (US$1= 375
SDG) (World Bank, 2021), as citizens became more dependent on parallel market for their
transactions.
Currency devaluation is making investments invalid and challenging the investment in oil
sector, energy market and renewable energy. As purchasing overseas supplies and importing
becomes even more expensive, especially with the lack of foreign exchange, thus prices of goods
increase as well as crude oil prices. Therefore, when it comes to investing in renewable energy in
Sudan (in Dollars), investors become skeptical, because the cost savings (in Sudanese Pound) of

Inflation, consumer prices
(annual %)

energy from fossil fuels keep on declining, so the Pay Back Period is pro-longed.
160
140
120
100
80
60
40
20
0

Years

Figure 17: Sudan's inflation, consumer prices (annual %) - (World Bank, 2020)

Figure 18: Sudan inflation, exchange rate and fuel subsidies (International Monetary Fund,
2020)
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Electricity Tariff
Sudan’s Electricity Distribution Company (SEDC) collects electricity sale. Sudan
Electricity Holding Company (SEHC) is responsible for operation and maintenance subject
distribution among sector companies based on a pre-agreed kWh rate (Covindassamy, 2018).

Figure 19: Sudan's electricity sector companies (Covindassamy, 2018, p.4)

Figure 20: Sudan's flow of budget between electricity sector companies (Covindassamy, 2018,
p.5).
Sudan’s electricity tariff is considered low in Sub-Saharan Africa, which is under US
¢1/kWh (World Bank, 2019). Sudan depends on hydropower on their electricity generation (60%
of total power generation). Electricity sale price have had limited change over the years and are
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considered the lowest in the world. This will contribute to total revenue from electricity sale that
will only cover 21% of the operation costs of the plants (International Monetary Fund, 2020),
which means they require additional fundings for operations and maintenance, making it
challenging to reach financial equilibrium. Since the majority of the Sudanese population are
concentrated in rural areas, grid extension will be expensive compared to the low paying capacity
(International Monetary Fund, 2020).
3. Social
Power Inequality
The majority of Sudan’s population are concentrated in the rural region, around 64% of the
total population. While more than 60% of the power supplies are concentrated in Khartoum, River
Nile, North of Sudan, and El Jazeera (World Bank, 2020). As shown in Figure 21, these are major
regions in Sudan with high population density. Khartoum and Jazeera collectively have a
population estimate of 11 million (World Bank, 2019). While Figure 21 also shows that the
majority of Darfur and Kordofan lack power connection. The sparse distribution in population
goes hand in hand with the unequal distribution of power. This will limit the grid extension as it is
expensive and electricity reaching rural, poor, and far regions from big cities, while regions such
as Darfur and Kordofan suffer from lack of national grid extension (World Bank, 2019).
Furthermore, Sudan’s population is highly growing at a pace of 2.4% per year and with the increase
in population (World Bank, 2020).
Additionally, the sparce distribution of power is also related to the income per capita. In
2014, 67% of the electrified household belong to the county’s wealthiest, while only 5% of the
connected households belong to the poorest households (World Bank, 2019). The richest tend to
consume around 180 KWh more power than the rural populations (World Bank, 2019).
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Figure 21: Sudan power system distribution (World Bank, 2019)
Increase in Energy Demand
Gasoline and diesel consumption have been showing an average increase at 12% and 8%
respectively for the past 20 years (International Monetary Fund, 2020). Figure 22, shows the
change in diesel and gasoline consumption over the past 20 years.

Figure 22: Percentage change of Sudan’s diesel and gasoline consumption (International
Monetary Fund, 2020)
Moreover, electricity consumption has been showing a continuous increase as shown in
Figure 23. Electricity consumption has reached 400 kWh per capita in 2019, with an average
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annual increase of 11% of the final national consumption of electricity (IEA,2018). The hot climate
requires high demand on air conditioning and cooling, which increase the usage of electricity
during summer, especially in households. The average household electricity consumption in SubSaharan Africa is approximately 50 kWh/month while in Sudan the average consumption was
more than five time high, around 308 kWh/month (World Bank, 2021). There is a limited behavior
of efficient usage of energy and conservation among households as they tend to have consumerism
lifestyle.

Per Capita Electricity
Consumtion (kWh)

500
400
300
200
100
0
2000

2005

2010

2015

2020

Years

Figure 23: Electricity consumption per capita in Sudan (Ritchie & Roser, 2020)
Public Awareness
64.7% of Sudan population are concentrated in rural areas, 47% still lack access to
electrification, and 54% dependence on biomass fuel and high reliance on inefficient cookstoves
(World Bank, 2020, Babiker et al., 2019). With all these figures, we can assume that the level of
public awareness about clean energy sources in relatively low. 14% of the Sudanese households
are female-headed and the percentage of Sudanese girls attending school is 40% (UNDP, 2020).
Women in rural areas tend to see the access to electricity as an opportunity to reduce their workload
of collecting fuelwood for energy as it takes so much time of their day. Moreover, it will give them
more time for their households’ responsibilities and earning a livelihood (UNDP, 2020). Especially
with the increase of migration of male, civil wars and political conflicts in rural regions, women
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and young girls tend to take full responsibilities to provide for their households from firewood
collection, income generation and water gathering (UNDP, 2020).
Dependence on Backup Generators
The majority of the households, industrial and commercial sectors in Sudan depend on
back-up generators during blackouts periods. Municipal grid-based electricity is usually
substituted with diesel-powered generators to run homes and factories, which is known to emit
excessive exhaust of CO2. As the diesel is not widely easily available in the country, industries
and households are forced to buy unsubsidized diesel in extremely high prices from black market
which puts pressure on the production and maintenance costs and leads to increase in products and
goods prices to the Sudanese consumers.
4.

Technological

Unstable Electrical Supply
With 40% of the population lacking access to electricity, there is no doubt that Sudan’s
energy infrastructure is weak. Power outages is estimated to be around 19 days per year
(Ranganathan & Briceno-Garmendia, 2011). Load shedding is excessively common in Sudan
especially during summer (May- August), as it contributes to 40% of peak hours demand (UNDP,
2020). The produced capacity stood at 2,799 MW where the peak demand was around 3,800 MW
causing a short fall of 1,000 MW which explains frequent power shedding (World Bank, 2020).
The already installed energy projects suffer from inefficiencies and poor design that cause power
disturbances across the country. Moreover, poor dam construction can cause soil erosion and
eutrophication during hydropower dam operation that could impact efficiency. The sedimentation
load will reduce the storage capacity of water to generate electricity (State of the river Nile basin,
2012, p.173).
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Sudan has been isolated from the international market, even after Sudan has been lifted of
the US economic sanction in 2017. The foreign investments and international fundings are still
considered low, which can also be impacted by the civil wars and political instability that made
investing in the energy market challenging. Therefore, this will result in limiting the technological
enhancement and economic progress in the oil and power sectors.
Human Capital Development and Knowledge Limitation
According to the Global Knowledge Index report published by UNDP in 2021, Sudan was
ranked 145th out of 154 country which put Sudan as one of the lowest countries in their knowledge
infrastructure and low human development. Table 11 shows the sectorial indices. The country was
ranked 70th in their research development and innovation, given 31.1 index value, which put it at
a moderate position among other countries. The level of data accuracy, quality, availability, and
sharing has been limited within the country’s institutions and trans-boundary levels, which limits
the capabilities of conducting research. There is no data concerning the recent expenditure on
research and technology in Sudan, yet the figure from the World Bank shows 0.298% share of the
GDP in 2005, which is considered relatively very low.
Sectoral indices

Rank

Pre-University Education
134
Technical and vocational education and training
150
Higher Education
149
Research development and innovation
70
Information and communication technology
151
Economy
137
Enabling Environment
151
Table 11: Sudan Global Knowledge Sectorial Indices (UNDP, 2021)

Value
37.1
29.9
26.8
31.1
17.7
38.9
32.2

Moreover, low public awareness on sustainable energy sources must be taken into
consideration, as the majority of the Sudanese population live in rural regions, which will limit the
expansion of new technologies in the country.
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Additionally, Sudan’s power sector staffing is considered very low, as the estimated ratio
is 275:1 which is the number of customers per employee (World Bank, 2019). Which will put
pressure on the staff especially during peak hours of operation and load-shedding.
5.

Legal
According to the World Bank's Country Policy and Institutional Assessment, 2019, Sudan

is ranked 2.0 in the Policies and Institutions for Environmental Sustainability. The scale is rated
from 1=low to 6=high. Moreover, Sudan lacks an Imprisonment for Public Protection (IPP) Act
that could protect and promote public sector to invest in power generation (UNDP, 2020).
Fuel Subsidy Reduction
Sudan fuel subsidies caused macroeconomic imbalances. By 2019 it increased above 100%
of Sudanese Government revenue, which cannot be afforded (World Bank, 2021). Fuel subsidy
accounts for more than 50% of the Government of Sudan (GoS) expenditure as shown in Table
12. The GoS has reduced the share of subsidies from 11.8% of GDP in 2019 to 4.8% in 2020.
However, it still contributes to 35.2% of GoS expenditure on fuel subsidies. According to 2021
budget, GoS has allocated more priority to social spending and only 2% to fuel subsidy. The
COVID-19 pandemic has caused massive disturbance in the budget, and additional spending had
to go to emergency health program that could combat the pandemic (World Bank, 2021).
2018
2019
2020
2021 Budget
All Expenditure
100
100
100
100
Goods and services
7.0
5.5
6.6
10
Wages
14.3
15.4
27
24.7
Fuel
49.9
56.5
35.2
2.0
Electricity
3.4
1.7
2.9
9.9
Social Spending
4.6
4.0
7.1
13.5
Table 12: Composition of Sudan expenditure in percentage (World Bank, 2021)
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Figure 24: Inflation rate and weight of Sudan’s subsidies in % of GDP (World Bank, 2021, p.11)
Reduction of fuel subsidy might cause a short-term social challenge, which will affect lowincome households. As fuel prices will increase, it will also increase the prices of consumer goods
and impact economic activities.
According to the study conducted by Coady et al. (2010), it was found that the wealthiest
40% households receive >80% of the gasoline subsidies total benefit. According to a study
conducted by the World bank in 2019 to study the impact of the fuel subsidy reduction on the
Sudanese household’s welfare found that, an average annual fuel expenditure of SDG 239 is
received by top 20% households, while the poorest 40% receive only SDG 28, which is 8% of the
total fuel subsidy benefit. Although the figures show that the rich 20% households will be the most
vulnerable, yet their maximum loss in income is estimated to be only 1% (World Bank, 2019).
6.

Environmental

Deforestation and Climate Change
There is no doubt that climate change will have a long-term negative effect specially
impacting the most vulnerable countries as Sudan. In 2016, the electricity and heat sector
accounted for 6.3 million tons of CO2e of the greenhouse gasses (GHG) emissions in Sudan
(Ritchie & Roser, 2020). It is estimated that the transportation and electricity sectors combined
will be account for 70% of the GHG emissions in Sudan by 2030 (UNFCCC, 2013).
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Cumulative CO₂ emissions

Annual CO₂ emissions

CO₂ emissions by Oil

429 million tons

22.98 million tons

21.43 million tons

Table 13: Sudan CO2 profile (Ritchie & Roser, 2020)
One of the major environmental constrains is the lack of awareness about the positive
impacts of cleaner production and energy audit both financially and on production efficiency
(Omer, 2009). Pollution control and energy emission measures must be taken into consideration,
through a call for action, local capacity building and trainings for industries to report their
emissions, monitor their energy consumption, improve energy efficiency, promote sustainable
production practices and energy audit.
Sudan is vulnerable to many natural disasters as flooding, high variability of rainfalls, and
droughts (World Bank, 2021). Especially the shortage of water will reduce the peak-generation of
hydropower dams. This will excessively be impacted by the extreme weather changes due to
climate change (State of the river Nile basin, 2012, p.173).
The excessive use of biomass, firewood, and charcoal, especially cutting trees for energy
purposes, has caused environmental degradation and deforestation in the country (UNDP, 2020).
In September 2015, Forests National Corporation (FNC) collaborated with the World Bank Group
to launch a project that addresses climate change mitigation through tackling deforestation in
Sudan by creating a National Adaptation Program of Action (NAPA).
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Significance of the problem
Before jumping into solutions, it is essential to investigate the core reasons behind an issue.
This will help in looking at the most cost-effective and energy-efficient ways to contribute to
solving the problem. There are limited studies conducted on the core reasons behind Sudan’s
energy poverty, especially recent studies after the succession with South Sudan in 2011. Through
quantitative analysis it will limit the options on which factors are possibility impacting the
electrification rate in Sudan.
Purpose of the study
The main goal of this research is to study whether a relationship exists between Sudan’s
population access to electricity and many other possible factors (independent variables), which
are: Total natural resources rents (% of GDP), GDP growth (annual %), GDP per Capita (annual
%), General government final consumption expenditure (annual % growth), Population growth
(annual %), and Electric power consumption (kWh per capita). The aim behind this study to
investigate what are the core reasons that can possibly impact Sudan energy shortage.
Research Question
This paper aims to answer the following question:
•

How significant is the link between electrification rate (dependent variable) and

natural resources, GDP, GDP per capita, population growth, General government final
consumption expenditure, and power consumption in Sudan?
It also aims to answer further questions from the literature review as:
•

What are possible factors impacting Sudan’s energy shortage?
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Research Methodology
The study will be using Ordinary Least Square (OLS), a type of linear regression model

analysis, to study the relationship between Electrification Rate (dependent variable) and all other
independent variables. The null hypothesis (H0) states that there appears no statistical significance
between dependent and independent variables.
𝐸𝑅𝑡 = 𝑓(NR 𝑡 , GDP𝑡 , GOV𝑡 , PG𝑡 , EC𝑡 , GDPPC𝑡 )

(1)

Equation 1 represents the regression model, where 𝐸𝑅𝑡 indicates electrification rate as
percentage of total population, NR 𝑡 indicates total natural resources rents as percentage of total
Gross Domestic Product (GDP), GDP𝑡 represents the annual GDP growth (in percentage), GOV𝑡
represents the annual growth in general government final consumption expenditure (in
percentage), PG𝑡 indicates the annual population growth (in percentage), EC𝑡 represents the
electric power consumption in kWh per capita, and GDPPC𝑡 represents the annual GDP per capita
growth rate (in percentage).
Data
The study will be conducted using secondary data variables from the World Development
Indicators of World Bank. All data presented for the analyses are in the percentage annual growth
rate of the variables.
The study originally aimed to investigate period from 1990 – 2019. However due to lack
of available data for some of the variables, the study will cover the annual time series data from
1990-2014. Table 14 highlights the variables that will be used for the analysis, while results for
descriptive statistics are reported in Table 15.
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abbreviatio
n
ER
NR
GDP

Electrification Rate (% Of Population)
Total Natural Resources Rents (% Of GDP)
GDP Growth (Annual %)
General Government Final Consumption Expenditure
GOV
Growth (Annual %)
Population Growth (Annual %)
PG
Electric Power Consumption (kWh/Capita)
EC
GDP per Capita Growth (Annual %)
GDPPC
Table 14: Data description

Available
time Period
1990-2019
1990-2019
1990-2019

Variable
Dependent
Independent
Independent

1990-2019

Independent

1990-2019
1990-2014
1990-2019

Independent
Independent
Independent

ER

NR

GDP

GOV

PG

EC

GDPPC

Mean

0.021615

0.021381

0.057730

0.108114

0.026413

0.066565

0.019363

Median

0.030095

-0.038360

0.063865

0.079575

0.024090

0.044155

0.027992

Max

0.378180

18.45237

0.115220

0.402680

0.037800

0.487460

0.076210

Min

-0.271870

-12.01140

-0.000170

-0.115700

0.021410

-0.160590

-0.076690

Std. Dev.

0.133565

5.880900

0.029573

0.120825

0.005233

0.126733

0.032501

Table 15: Data descriptive statistics
Pre-liminary Tests
Unit Root Test for Stationarity
As this study is conducted using the Ordinary Least Square (OLS) regression model, it
requires an investigation of stationarity through unit root test. Augmented Dickey–Fuller (ADF)
unit root test with trend and intercept is used. In a time series data, the null hypothesis (H0) implies
that a unit root is present in data.
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Multicollinearity Test
To run this study, OLS regression model also requires an inspection of correlation through
the multicollinearity test that shows whether a linear relationship exists between dependent
variables.
Results
Unit Root Test for Stationarity
Augmented Dickey–Fuller unit root test results shown in Table 16 imply that null
hypothesis is rejected in all variables except for the total natural resources rents. A solution would
be to difference to first order.
Augmented Dickey–Fuller Unit Root Test
Level

First Diff.

Access to electricity (annual %
ER
growth)

Intercept

0.0000

0.0000

Trend & Intercept

0.0000

0.0002

Total natural resources rents (annual
NR
% growth)

Intercept

0.7142*

0.0005

Trend & Intercept

0.0497

0.0032

Intercept

0.0482

0.0006

Trend & Intercept

0.1754*

0.0037

Intercept

0.0005

0.0000

Trend & Intercept

0.0009

0.0000

Intercept
Trend & Intercept
Intercept

0.0035
0.0031
0.0041

0.3016
0.8053
0.0000

Trend & Intercept

0.0008

0.0000

Intercept

0.0017

0.0000

GDP growth (annual %)

GDP

General
government
final
consumption expenditure (annual % GOV
growth)
Population growth (annual %)

PG

Electric power consumption (annual
EC
% growth)
GDP per capita growth (annual %)

GDPPC

Trend & Intercept 0.0052
0.0084
Table 16: Augmented Dickey–Fuller Unit Root Test for stationary results

Note: * Fail to reject the null hypothesis (H0)
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Multicollinearity Test
Table 17 reports the results for correlation relationship between the independent variable.
Correlation coefficients show a weak correlation between variables as coefficients fall below 0.85.

EC
GDP
GOV
NR
PG
GDPP
C

EC
1
-0.19187
-0.164884
0.276629
-0.443633

GDP

GOV

NR

PG

1
-0.204739
-0.076813
-0.080797

1
-0.046591
-0.177936

1
0.111629

1

-0.309316

0.529629

0.118081

-0.036745

0.172937

GDPPC

1

Table 17: Results for independent variables correlation matrix
Ordinary Least Square Regression
Table 18 reports the results ordinary least square regression model. Results reveals that RSquare is equal to 0.283 which indicates a low level of correlation. Meaning only 28.3% of the
dependent variable is explained by the independent variable, and the remaining is explained by
external variables.
Dependent Variable: ER
Sample: 1991 – 2014
R-Square = 0.283
F-Statistic = 0.936
Prob (F-Stat) = 0.495
Durbin-Watson stat = 2.85
Coefficient
C
GDP
GOV
NR
EC
PG
GDPPC

Std. Error

T-statistic

Prob.

0.555716
0.244065
2.276917
0.0360
-2.145650
1.277443
-1.679644
0.1113
-0.504210
0.273767
-1.841746
0.0830
0.003104
0.005191
0.597902
0.5578
-0.437794
0.294501
-1.486563
0.1554
-13.28806
7.017321
-1.893608
0.0754
1.256230
1.021814
1.119820
0.2784
Table 18: Ordinary Least Square - regression model analysis (1991 – 2014)
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The study indicates failure to reject null hypothesis “not statistically significant”, as all
probability values are above the significant level 0.05. Furthermore, Durbin-Watson statistic value
of 2.85 indicates nearly no autocorrelation in the sample, while F-statistic is showing a value of
0.936 which indicates that the model is not fit and not significant.
Nevertheless, the results are showing a negative correlation between the dependent variable
and GDP, GOV, PG and EC. This indicates that the electrification rate in Sudan would decrease
for every increase in the gross domestic product, final government expenditure, population growth
and electrical power consumption.
Social Aspect:
A hypothesis assumes that the increase in population growth will lead to more energy
consumption. Although 64% of Sudan’s population live in rural areas, yet Sudan major regions
such as Khartoum and the Red Sea region accounts for a high population density. While 60% of
the power supply goes to Sudan’s big cities, and little to no connection to the grid in rural regions.
As the consumption and the population density is higher in urban areas more than rural areas, an
increase in electrical consumption. Especially in urban regions, and the population growth will
lead to a decrease of the portion of the power supplied and grid extension to the rural areas, that
accounts for a higher population.
Economic Aspect:
It also shows that as the expenditure of goods and services: healthcare and education etc.
(including national defense and security expenses) increases, the electrification rate in Sudan
decreases. Sudan’s GDP have had a constant increase until the succession with Sudan in 2011
where GDP (annual % growth) has been sharply dropping from 3.5% in 2010 to nearly -18% in
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2012 (World Bank, 2021). Sudan is lacking the investment capacity to fund the improvement of
the electricity production.
Although the probability values indicates that the results are not statistically significant, it
is interesting to also note that the results are showing positive relationship between electrification
rate with NR, as the excess profit of natural resources rent increase (oil, natural gas, coal, and
minerals), this will lead to an increase in the access to electrification. It is also showing a positive
relationship between ER and GDPPC, as the GDP output per person increases, it will increase the
electrification rate in the country.
Table 19 shows different models for the regression analysis. All models are showing
failure to reject null hypothesis, which indicates that there is a weak relationship between
electrification rate in Sudan and the independent variables. However, it also shows that further
studies can investigates the relationship between Sudan’s electricity access and other variable
during different timeframes in order to find the factor with a strong relationship.
Dependent Variable: ER
Sample: 1991 – 2014

C
GDP
GOV
NR
EC
PG
GDPPC

Prob.
(1)
0.0592
0.2253
0.1359
0.5568
0.1470
0.1158
-

Prob.
(2)
0.1860
0.3368
0.2879
0.9439
0.6289
0.5441

Prob.
(3)
0.1118
0.2083
0.1840
0.9610
0.2293
0.2715

Prob.
(4)
0.0382
0.1092
0.0842
0.1824
0.0837
0.2680

Prob.
(5)
0.1747
0.3659
0.6886
0.3965
0.2551
0.5939

Prob.
(6)
0.0592
0.2515
0.6230
0.3091
0.2080
0.8671

R-Square
F-Statistic

0.1929
0.5261

0.0898
0.8722

0.1506
0.6733

0.2325
0.3990

0.0984
0.8473

0.1236
0.7668

Variable

Table 19: Ordinary Least Square - regression model analysis - different models (1991 – 2014)
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Discussion
Although the study shows insignificance in the data, however it also highlights that many
external variables other than the variables in the study explain the dependent variable (ER). There
are many quantitative and qualitative factors that have impacted Sudan’s electricity access
throughout the years. Many possible scenarios, as indicated in the literature review, can impact the
electrification rate in Sudan. Although Sudan is abundant with natural resources, the lack of many
essential aspects as management, governance, corruption, technology, international investment,
and human capital can play a substantial role in the supply of electricity.
Sudan has been suffering with political instability and civil wars, in addition to the
sanctions, that placed the country outside the international market and makes it a risky region for
investment. Moreover, the succession with South Sudan have had a large share in Sudan’s
economic instability and affected the energy sector. Additionally, with the current frequent
changes in the government, the policies have gone through some changes that hindered its proper
implementation. Although there are considerable efforts towards the action plans for clean and
accessible energy such as the Paris Agreement’s National Determined Contribution, it is rather
costly in the implementation.
Additionally, alternative clean energy source such as Solar Home Systems are not widely
available for customers. Considering the low public awareness of clean energy sources,
implementation could be challenged. There is no available technology or a business model that
would allow easy payments for consumers such as the Pay-as-you-go (PAYGo) model. The lack
of energy market supply can be due to the lack of participation between the government, private
sector, and investors. In addition, Sudan did not expand its power imports from other countries
due to lack of investment capability, which limited the power trade between Sudan and its
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neighboring countries. Availability of clean energy sources and public awareness go hand in hand
together. As the supply of renewable energy is not widely available, this will lead to an increase
of its prices, higher capital costs, and reduce the public awareness of alternative energy sources.
Maintenance and operation are another issue in Sudan’s major power plants as the
infrastructure is weak and poor. Mainly the cost of maintenance may not be fully provided because
the revenue from the electricity sales is below the production cost. Load shedding especially during
summer is a double edge sword, as it is a solution to decrease the power load and restore system,
yet it leads to hours of blackouts across many regions. The uneven distribution and over
concentration of the population in Sudan’s rural areas go hand in hand with the uneven distribution
of power supply, which will make grid connection in remote and rural regions expensive.
There is no doubt that the succession with South Sudan had its largest share of reducing
the energy supply in the country, affecting the accessibility to energy and dramatically decreased
the country’s GDP. Sudan has been unable to reach its economic balance between its revenue,
expenditure and external dept since the succession with South Sudan in 2011 (World Bank, 2021,
p.9). Sudan is still considered as least developed country under the Paris Agreement, which is
considered a low-income country. All these economic factors contribute to Sudan’s inability to
fully supply electricity throughout the country.
Other environmental and technical factors should be considered when addressing Sudan’s
electricity shortage. As the country is prone to many natural disasters such as droughts and
flooding, which will impact the operations of the dams. Additionally, Sudan in considered one of
the most vulnerable countries to the effects of climate change.
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Policy Implications
There happens to be no silver bullet solution towards 100% access to energy or sustainable
energy sources. However, carrying business as usual and using conventional means seems to not
be sufficient towards sustainable development. Analyzing the currently adopted systems, examine
their effectiveness, strengths, and weaknesses lays a foundation towards a positive change. It is
suggested to set detailed goals, clear long-term vision for Sudan’s energy sector. Then define
targets for the share of renewable energy, energy efficiency, and access to energy by building a
desired outcome. Creating feasible and attainable action plans, build a strategy, and decide on
priorities for implementation. Additionally, energy poverty needs to be addressed and tackled
through policy formulation, legal frameworks, and mitigation programs, by setting indicators and
targets to measure current and future progress through updated and publicly available periodic
progress reports of Sudan’s energy access and poverty.
Sudan has a history of suffering from lack of access to energy. The government needs to
increase efforts in increasing electricity generation nationwide. The key is in proper management
of the natural resources. Good governance and regulatory environment are key foundation for
stable and sustainable electricity access. Unless there is a good management and strategic planning,
sustainable development will be challenged. Although the government’s recent focus is reforming
a more stable economy and recover from the recent COVID-19 pandemic that impacted the
country’s development in many ways, yet the country requires a better management of the energy
sector which can play a substantial part in the improvement of the economic performance.
Sudan has high potential to generate electricity through renewables such as solar,
hydropower and wind. All alternative energy sources that are with high potential in the country
will need to work together. This could be done through finding synergies in the Water-Food-
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Energy Nexus, as well as the collaboration and transparency between internal ministries and crosssectors. Furthermore, the government should enhance the maintenance and operational capabilities
of electrical generation from renewables and enhance the national grid extension of the system
especially in rural and remote areas, with implementation plans that include off-grid integration.
There are several regions in Sudan that are more blessed with natural resources than others, such
as the Red Sea region, Dongola and Jabal Marra that have higher wind power than other regions
in the country. Therefore, it is more efficient to match the available natural resources with the
appropriate renewable energy source that could best fit the needs of the region, especially through
mini-grids, standalone systems, small-scale projects and focus on bottom-up approach.
As Sudan has been isolated from the international market, the government and
policymakers should encourage the investment in clean sources through entrepreneurs, expand the
utilities trading market with private potential investors and enhance the administrative process for
investors to involve stakeholders. Also, working on strategies, action plan, policies, and incentives
could promote the private investment in renewable energy and support national economy. The
country is still in urgent need for international support and funds, however having its own national
funding program allocated for electrification access is significant to enhance the electrical
generation, transmission, and distribution. Governments lead by example, many countries have
grants and support system for clean technologies such as low-interest loans, economic incentives,
subsidies, and investment supports. Additionally, the electricity tariff needs to be reconsidered and
readjusted, as it is the lowest in Sub-Saharan Africa. The revenue of the tariff should include many
costs such as operational costs and grid expansion. Furthermore, Geopolitics and trans-boundary
agreements with neighboring countries and the River Nile basin countries could expand the trading
and establishing joint projects in the energy supply.
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Moreover, investing in and empowering human capital development is an essential aspect
that need to be taken into consideration. This through encouraging research by ensuring the
availability and accuracy of data, circulation of supportive knowledge management systems,
investing in education and hands-on technical training, supporting peer-review publications and
funding scholars. Moreover, there is no doubt that raising public awareness towards the utilization
of alternative and clean sources of energy is an essential aspect towards the shift from conventional
sources and diesel generators to more sustainable energy forms. Lastly, political, and economic
stability are parts of the key aspects towards sustainable development.
V.

Conclusion
The aim of the study is to investigate how significant is the relationship between

electrification rate (dependent variable) and natural resources, GDP, GDPPC, population growth,
electricity consumption and final government expenditure in Sudan through Ordinary Least Square
Regression. As pre-liminary tests, Augmented Dickey–Fuller (ADF) Unit Root Test was used to
check the stationarity of the time series data, while multicollinearity test was used to find the
relationships between the independent variables. The findings of the study show an insignificant
relationship between dependent and independent variables, indicating that variables outside the
scope of the study are probably impacting the electrification rate in Sudan. Also, it is important to
mention that the study aimed to expand the studied period, however, the availability of the data
was a major limitation. For future study, different models and independent variables can be studied
to run the model and study the relationship between independent variables and Sudan’s
electrification rate. In addition to addressing the study limitations in future study and expand the
study period when data is available.
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